ABSTRACT SCHAREN, A. L., and J. M. KRUPINSKY. 1978. Detection and manipulation of resistance to Septoria nodorum in wheat.
The glume blotch disease of wheat, Triticurn aestivum B337 (C.I. 12752); Turkey selection (C.I. 11984); L., caused by Septoria nodorum (Berk.) Berk.
Hadden (C.I. 13488); and Candeal De Arevalo (P.I. (Leptosphaeria nodorum Mailler) has become a major 191037). A total of five crosses were used in this study. problem in recent years especially in Europe and South These included: 1 (0-6/12536); 2 (8898/12109); 4 America (1, 12) . The disease can cause severe reductions (12109/8898); and 9 (12752/191037) made in 1971, and in yield (4, 7, 12, 14) . Although sources of resistance have 18 (13488/11984) made in 1972. The spring wheat been sought (9, 10, 13, 14) and some have been found, one cultivar Fortuna (C.I. 13596) was used as a susceptible of the problems of utilizing known resistance is the check. apparent lack of single genes which alone give easily After the initial cross, each subsequent, selfed detectable levels of resistance (14). Br6nnimann has generation (F 2 , F 3 , F 4 , F 5 ) was space-planted in flats (32 X described and developed tolerance to S. nodorum in 21 X 5 cm) of sterile sand (125 seeds/flat). The plants, wheat (2, 3) . average 250 per generation, were grown in a greenhouse Recessive, dominant, and partially dominant gene under natural light at 20 ± 3 C. The plants were allowed to action has been implicated in previous studies of grow to the third-leaf stage (10-14 days) before being resistance to S. nodorum (5, 11) . Plant breeding with subjected to a heavy inoculation with S. nodorum. emphasis on selection of transgressive types has been Isolates of S. nodorum, which were representative of a proposed as a method of extending the present limits and wide geographic area, were maintained on yeast-malt intensities of desired characters (6) . The purpose of this extract agar at 19-20 C under continuous illumination of paper is to describe a method used to increase levels of a 15-w cool white fluorescent tube (5 X 103 ergs/ cm 2 / sec) resistance in a segregating wheat population and to in an incubator (8, 13) , and were composited during describe the development of wheat lines which are more preparation of inoculum. Pycnidiospores and mycelial resistant to S. nodorum than their parents.
fragments were obtained by scraping the fungus from agar plates into a blender, macerating, filtering through MATERIALS AND METHODS cheesecloth, and adding a surfactant (Ivory dish detergent, 0.1 ml/liter). The inoculum (15-30 X 106 The parents, selected from among winter wheats that spores/ ml) was atomized onto the leaves until runoff exhibited a range of resistance to S. nodorum (10), were; occurred. After inoculation, plants were maintained in a 0-6, a selection of Gasta (C. resistance (5) . After the required moist period, the flats crosses. Seven days after inoculation, the first leaf of each were returned to a greenhouse bench. Seven days after plant was collected and photographed. Using this method inoculation, lesions, chlorosis, and necrosis were all the leaves could be collected and preserved for detailed recorded. The most resistant plants (5-10%) from each measurements of lesions and necrosis at a later date. The generation were selected, transplanted, vernalized, and areas of the leaves were computed; all lesions were grown to maturity in the greenhouse for seed production. counted and percent necrosis was calculated. The seed from each selected population was harvested for Comparisons of numbers of lesions/ cm 2 and percent the next cycle of screening. necrosis cm 2 were made for Parent 1 (30 leaves), Parent 2 The first experiment, which was designed to compare (30 leaves), F 2 (120 leaves), and F 7 (120 leaves). Data parents with selected progeny, was conducted on one F 5 collected as percentages were transformed to angles for and four F 6 bulk populations. The parents and the statistical analyses. advanced generation material were grown in 6-cmdiameter pots placed in a random design and the plants
RESULTS
were inoculated with an inoculum suspension containing 1.7-1.9 X 107 spores/ml. Seven days after inoculation, Fewer lesions and less necrosis usually developed in the individual plants were rated for lesions, chlorosis, and F 5 and F 6 selected populations than in their parents necrosis. Leaf sections were collected and stained (Table 1) . Also an increased number of plants of the F 6 according'to the procedures of Shipton and Brown (15) . generation were symptomless. Leaf chlorosis in the After I mo exposure to the stain, six random leaf sections advanced generations was less than either parent in cross from each cross were mounted on microscope slides and 4 (12109/ 8898) and less than one parent in crosses 1 (0-photographed through a dissecting microscope.
6/12536) and 2 (8898/12109). A comparison of cross 4 Photographs (20 X 25 cm) were used to count lesions and (12109/8898) with 3 (8898/ 12109) yielded evidence that measure the area covered by them.
maternal or cytoplasmic factors may be involved. In A second experiment was conducted on the F 2 and F 7 crosses 9 (12752/191037) and 18 (13488/11984), there bulked populations of crosses 1 (0-6/ 12536) and 9
was an increase in the percentage of individuals having (12752/191037), and the parents used in making these chlorosis in the F 5 and F 6 generations. This was 'Percentages of total number examined. bLesion length X number = index. Also given as percentages of the check cultivar, Fortuna. 'Crosses 2 and 4 are reciprocal, the first listed parent being male, and the second female. considered to be an improvement in the level of resistance were reported as percentages of the susceptible check, because of the high level of necrosis in the parents, and the Fortuna. All selected progeny lines exhibited fewer apparent shifting of advanced generations away from the symptoms of S. nodorum than did their parents. more severe necrosis to less damaging chlorosis.
In a second series of experiments, the selected F 7 bulk The F 5 and F 6 populations were also compared with progeny of cross 1 (0-6/12536) had significantly fewer their parents for average number of lesions and the lesions and less necrosis than either the F 2 or the parents average length of lesion, using stained leaves. A disease ( Table 2 ). The F 7 progeny exhibited 61% fewer index, calculated by multiplying the average number of lesions/ cm 2 and 71% less necrosis/ cm 2 than the best lesions by the average length of lesion, was used to parent. Comparing the F 7 with the F 2 for lesion compare the relative amounts of tissue damaged by S.
number/cm 2 , there were twice as many plants with less nodorum (Table 1) . Using the disease index, all results than two lesions/ cm 2 in the F 7 than in the F 2 (Table 2) . Also, there were 1.7 times as many plants in the F 7 with less than 5% necrosis/cm 2 than in the F 2 ( Table 2 ). The selected F 7 bulk progeny from cross 9 (12752/191037) had segregating, progeny of wheat crosses for several YNumber of leaves in each category of lesions/cm 2 were: for 0-generations has been an effective technique for obtaining 1.9 lesions, F 2 = 45 and F 7 = 94; for 2-9 lesions, F 2 = 26 and F7 a geneations hsbenan t t echnqu Te foreotai 18; for 10-19 lesions, F 2 = 14 and F 7 = 7; for 20-29 lesions, F2 = 17 a population resistant to S. nodorum. The selected and F 7 = 1; for 30-39 lesions, F 2 = 13 and F 7 = 0; for 40-49 lesions, progeny exhibit fewer symptoms of disease than either the F 2 = 4 and F 7 = 0; and for 50-59 lesions, F 2 = 1 and F 7 = 0. parents or the F 2 generation when subjected to heavy 'Number of leaves in each category of percent necrosis/cm 2 inoculations with the pathogen. This was demonstrated were: for 0-4.9%, F 2 = 42 and F 7 = 77; for 5-9%, F 2 = 10 and F 7 = with the F 5 and F 6 generations which had fewer lesions 8; for 10-19%, F 2 = 9 and F 7 = 19; for 20-29%, F 2 = 7 and F 7 = 9;
and less chlorosis and necrosis, as well as a lower index of for 30-39%, F 2 = 4 and F 7 = 2; for 40-49%, F 2 = 4 and F 7 = 3; for disease obtained by multiplying the number of lesions by 50-59%, F 2 = 2 and F 7 = 2; for 60-69%, F 2 = 3 and F 7 = 0; for 70-the length of lesions. 100 0.97 a 2.07 a should be used as parents, and higher levels of resistance should be incorporated into modern cultivars. XNumbers followed by different letters are significantly Indications are that factors for resistance to disease that different (P = 0.05).
YNumber of leaves in each category of lesions/ cm 2 were: for 0-can be accumulated are present in most lines and 1.9 lesions, F 2 = 1 and F 7 = 90; for 2-9 lesions, F 2 = 15 and F 7 = 8; cultivars. for 10-19 lesions, F 2 = 18 and F 7 = 1; for 20-29 lesions, F 2 = 14
Preliminary data indicate that grain yields harvested and F 7 = 1; for 30-39 lesions, F 2 = 25 and F 7 = 0; for 40-49 lesions, from these derived lines after our selection procedure is F 2 = 15, F 7 = 0; for 50-59 lesions, F 2 = 4 and F 7 = 0; for 60-69 completed are at least equal to yields obtained from the lesions, F 2 = 5 and F 7 = 0; and for 70-79 lesions, F 2 = 3 and F 7 = 0. parents. Yields measured were from selected plants grown zNumber of leaves in each category of percent necrosis/cm2 under controlled environments for seed increase. These were: for 0-4.9%, F 2 = 5 and F 7 = 89; for 5-9%, F 2 = 7 and F 7 = 5; had been inoculated as seedlings, and selected for low for 10-19%, F 2 = 10 and F 7 = 4; for 20-29%, F 2 =6and F 7 0; for 30-39%, F 2 = 6 and F 7 = 1; for 40-49%, F 2 = 10 and F 7 = 1; for 50-levels or absence of symptoms. Under continued disease 59%, F 2 = 12 and F 7 = 0; for 60-69%, F 2 = 14 and F 7 = 0; for 70-pressure for a greater portion of the growing season, the 79%, F 2 = 10 and F 7 = 0; for 80-89%, F 2 = 11 and F 7 = 0; for 90-resistant progeny could be expected to yield more than 99%, F 2 = 2, F 7 = 0; and for 100%, F 2 = 7 and F 7 = 0. the parents.
